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3,831,656 
BELTED PNEUMATIC TRES 

This invention relates to an improved belt or breaker 
for pneumatic tires having a radial carcass or a substan 
tially radial carcass. 

It is known that the belts or breakers which are part 
of the construction of pneumatic tires are designed to 
counteract the forces of internal pressure to which they 
are subjected, as well as forces such as tensions or com 
pressions of dynamic origin, and to counteract the de 
formations to which they are subjected in service, 
under the influence, for example, of accelerations or 
decelerations of the vehicle, centrifugal forces when 
turning, or high speeds in a straight line. 

In the course of the displacement of the vehicle 
equipped with such tires, these forces vary substan 
tially. The construction of the belt or breaker must 
therefore be such that it will withstand in an optimum 
manner, the effects of these various forces. The belt or 
breaker, especially for radial ply carcass tires, are com 
posed of superposed mutually crossed rubberized plies 
of parallel essentially inextensible textile cords or steel 
cables or strips of steel or monofilaments. 
In this type of belt or breaker constructed of different 

material such as steel and textile, each assumes a differ 
ent function. Thus the textile breaker plies insure a re 
sistance to stretching and compression along the paral 
lels to the equatorial plane of the tire carcass, while the 
metal plies insure resistance to stretching and compres 
sion along the directions perpendicular to the equato 
rial plane, that is to say along the meridians of the cas 
1ng. 

In view of the functions thus assigned to each of these 
layers of belt plies, it has been found that certain ar 
rangements of these layers were preferable to others, in 
view of certain criteria such as comfort or weight, or 
with a view to reconciling certain qualities of tires 
which up to now seemed impossible to combine in one 
and the same tire. 

It is an object of the present invention, therefore, to 
provide belted pneumatic tires having a novel and im 
proved breaker construction. 
A more particular object of the present invention is 

a novel and improved belted pneumatic tire with a 
breaker constructed to provide desirable qualities of 
road holding ability, driving comfort, lightness in 
weight, high speed capability and high wear resistance. 

The present invention is a pneumatic vehicle tire de 
signed especially for high and maximum vehicle speeds. 
The tire has a radial casing and a belt or breaker placed 
between the crown region of the carcass and the tread. 
The belt or breaker comprises a metallic reinforced 
first ply structure and a non-metallic second ply struc 
ture that is concentric with the first ply structure and 
preferably extends laterally beyond the marginal edges 
of the first ply structure. 
Actual experience with tires of the type described 

above has shown that as the speed of the vehicle in 
creases above values around 200 km/h, waves form at 
the contact surface between the tire and the road and 
propagate around the circumference and the periphery 
of the tire. This undulation becomes stronger as speed 
increases and ultimately leads to premature failure of 
the tire. In addition, the tread surface of the tire is itself 
subject to deformation such that at least one, and per 
haps both shoulders of the tread surface, rises above 
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2 
the crown area of the tire and assume diameters larger 
than that at the crown. This phenomenon also results 
in an increased rate of wear at the shoulders and weak 
ening of the bonds between the individual plies in this 
region. 
According to the present invention, a belt or breaker 

is disposed circumferentially about the crown region of 
the carcass and directly under the tread. The breaker 
comprises a first ply structure having elongated metal 
lic reinforcing elements and a second ply structure ar 
ranged in superimposed concentric relationship to the 
first ply structure. The elongated reinforcing elements 
of the second ply structure are non-metallic, and, pref 
erably, a textile material. The first ply structure com 
prises a plurality of layers, which may be of unequal 
width, when measured transversely across the crown 
region of the carcass. The first ply structure is prefera 
bly symmetrically disposed relative to the equatorial 
plane of the tire. The second ply structure comprises at 
least one layer which may be transversely continuous 
or discontinuous across the crown region of the car 
cass. The second ply structure is formed by at least one 
layer folded back upon itself, the folded over portion 
having a transverse width not greater than the trans 
verse width of the adjacent juxtaposed layer, preferably 
the transverse width of the folded over portion is less 
than the transverse width of the adjacent juxtaposed 
layer. Alternatively the transverse width of the folded 
over portion and the adjacent juxtaposed layer may be 
equal. The folded marginal edge formed by the layer of 
second ply structure extends beyond the marginal edge 
of the first ply structure, and, preferably may extend 
into the shoulder region of the tire tread. The second 
ply structure may be located between the plural layers 
of the first ply structure or it may be located between 
the tread and the first ply structure. The folded over 
portion formed as either one or both marginal edges of 
the second ply structure may be folded so as to lie 
above or under the adjacent juxtaposed layer. The 
elongated reinforcing elements of either the first or the 
second ply structure may be oriented at an angle of 
zero degrees to the equatorial plane of the tire. Where 
the elements of one ply structure is at zero degrees, the 
elements of the other ply structure are oriented at an 
angle between 0 and 25 to the equatorial plane of the 
tire. 
According to the construction of the tire of the pres 

ent invention, the shoulder regions are strengthened so 
as to prevent ply separation and reduce the distortions, 
deformations, undulations or waves which tend to 
occur during high speed usage. The non-metallic rein 
forcing elements of the second ply structure are a tex 
tile in order to prevent the overall weight of the tire 
from becoming excessive. In addition, textile reinforc 
ing elements tend to improve the riding characteristics 
of the tire. 
The invention will be better understood from the de 

tailed description of several embodiments thereof when 
read in conjunction with the accompanying drawings, 
in which: 
FIG. 1 shows a pneumatic tire under normal load as 

viewed in a plane perpendicular to the rolling axis and 
in a plane coincident to the equatorial plane; 
FIG. 2 shows a pneumatic tire when viewed accord 

ing to FIG. 1, the tire being under normal load but at a high speed; 
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FIG. 3 shows a schematic transverse cross-section of 
the tire according to one embodiment of the invention; 

FIG. 4 shows a schematic transverse partial cross 
section of the tire according to another embodiment of 5 
the invention; 

Fl(GS. 5 and 7 show a schematic transverse cross 
section of the tire according to further embodiments of 
the invention; 
FIGS. 6, 8 and 9 show a schematic cross-section of 10 

only the belt or breaker first and second ply structures 
according to still further embodiments of the invention. 

FIG. 1 shows a belted tire 1 for high and maximum 
vehicle speeds having a tread 2, shoulder 3 and side- 15 
walls 4. In the tread print region 5, the tire sidewalls 4 
develop a distortion spread 6 under the load imposed 
on the rolling or rotational axis 7 of the tire by the 
weight, speed and direction of the vehicle, the road 
construction and related causes. FIG. 2 shows the same 20 
tire under the same load at high and maximum vehicle 
speeds. It is seen that waves 4a form on the sidewalls 
4 of the tire at the tread print 5 and propagate circum 
ferentially and peripherally of the tire. In the same way, 
the tread surface 2 is deformed, with the shoulder re- 25 
gions 3a rising above the crown of the tread surface 2. 
Both of these effects result in an increased rate of wear 
or failure of the tire. 
The invention according to the embodiment of FIG. 

3 is a tire 10 having bead rings 11, sidewalls 12 and a 30 
carcass 15, preferably a radial carcass. A belt or 
breaker comprising a first ply structure 6 and a second 
ply structure 17 is placed over the crown region 15a of 
the carcass and under the tread 14. The second ply 
structure is superimposed over and concentric with the 
first ply structure. The first ply structure 16 comprises 
a plurality preferably two, ply layers 18, 19 having 
elongated metallic reinforcing elements. The metal 
preferably is steel. Layers 18, 19 may be of unequal 
width, and as shown in FIG. 3, layer 18, which is in 
contact with carcass 15, has a width S greater than the 
width S. of the overlying layers 19. The layers 18, 19 
of the first ply structure are preferably arranged sym 
metrically to the equatorial plane X-X of the tire 10. 
The second ply structure 17 comprises at least one 
layer having elongated non-metallic reinforcing ele 
ments. The non-metallic reinforcing elements may be 
a natural or synthetic textile, for example, cotton, 
rayon, nylon or polyester, or may be a glass. The layer 
of the second ply structure 17 in the embodiment 
shown in FIG. 3, is formed by a strip 20 of a single 
width whose margins 21 and 22 are folded back upon 
the juxtaposed adjacent layer portion 24 and 25, re 
spectively for a distance not greater than the width of 5 
the adjacent juxtaposed layer portions. The folding 
back upon itself of the layer 20 forms a folded marginal 
edge 23 which extends beyond the marginal edge of the 
first ply structure. In order to further strengthen the 
shoulder areas 3 of the tire and further reduce the pos 
sibility of ply separation, the folded marginal edge 23 
can extend into the shoulders 3. As shown in FIG. 3, 
the overall width t of the second ply structure 17 is 
greater than the overall or maximum width of the first 
ply structure, as represented by the width S1 of the 
transversely widest layer 18. 
The overall total width of the tire shown in FIG. 3 is 

indicated as B, and the distance between the marginal 
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4. 
edges of the folded back portion 21, 22 is indicated by 
Cl. . 

As noted above, the material for the reinforcing ele 
ments of the second ply structure may be textile. If the 
textile is rayon, the strength of the reinforcing elements 
should be higher than the carcass 15 reinfrocing ele 
ments. The second ply structure rayon reinforcing ele 
ments should have an elastic modulus up to 2 X10 
kg/mm. When other synthetic textile materials are 
used as the reinforcing elements of the second ply 
structure, e.g., nylon, polyester, the preferred materials 
are those that show considerable shrinkage on cooling 
after vulcanization and remain pre-stressed in the tire. 

The reinforcing elements of the first and second ply 
structures, 16 and 17, may be made from cords, cables, 
wire, strands, strips, fibers or filaments. Preferably the 
reinforcing elements in the same layer are parallel to 
each other when disposed about the crown region 15a 
of the carcass 15. The reinforcing elements of either 
the first or the second ply structure are preferably ori 
ented at an angle of zero degrees to the equatorial 
plane X-X of the tire. When the reinforcing elements 
of one ply structure are oriented at zero degrees, the 
reinforcing elements of the other ply structure prefera 
bly are oriented at an angle between 0 and 25 to the 
equatorial plane of the tire. When the reinforcing ele 
ments are oriented at an angle other than Zero degrees, 
the angular direction of adjacent plies are opposite and 
equal in degrees. 
The non-metallic ply structure may be constituted by 

a single length of weftless 0 breaker cord fabric, in 
which all the cords extend substantially parallel to the 
longitudinal dimension of the fabric, wound in a contin 
uous spiral circumferentially about the crown region 
15a of the carcass 15 for at least a plural number of full 
turns equal to the number of layers desired. Preferably, 
the length of the cord fabric is wound in a continuous 
spiral circumferentially of the tire carcass for some 
what more than the requisite number of full turns, i.e., 
to include a small fraction of an additional turn, so as 
to dispose the outer terminal end section of the fabric 
in overlapping relation to the inner terminal end sec 
tion by an initial amount equal to between about 10 
and 30mm and preferably about 20mm. After vulcani 
zation, the boundary of the overlapping end section has 
a generally curved shape. The value of the overlap di 
minishes from the edges of the outer ply from, for ex 
ample, 30mm, to approximately 5mm at the median 
equatorial plane X-X. 
FIG. 4 shows another embodiment of the invention 

wherein the folded back portion 21, 22 lies under the 
adjacent juxtaposed layer portion 24, 25. In FIG. 3, the 
folded back portion 21, 22 lies over or above the adja 
cent juxtaposed layer portion 24, 25. In the embodi 
ment of FIG. 4, the folded under portion 21, 22, is addi 
tionally prevented from distortion by the stability of the 
metal reinforced first ply structure 16. 
By way of example, the width of distance a may range 

from 0 to 0.75 times the distance B. The preferred 
value of a in the tire shown in FIGS. 3 and 4, is 0.06B. 
By way of example, the width Si may range from 0.07 
to 0.85 times the distance B, with a preferred value of 
0.8B. The width S. may range from 0.65 to 0.85B, with 
a preferred value of 0.68B. The width t may range from 
0.75 to 0.9 times B, with a preferred value of 0.85B. 
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In the embodiment shown in FIG. 5, the tire 30 has 
a first ply structure 34 comprising two plies 43 and 44 
of unequal width which are placed over the crown re 
gion of the carcass 33. The second ply structure com 
prises two strips 35 and 36, each strip having a marginal 
portion 38, 40 folded back upon the adjacent juxta 
posed layer 28, 29. The folding back forms folded mar 
ginal edges 42 which extend beyond the marginal edge 
of the first ply structure and are located between the 
first ply structure 34 and the tread 32 and extend into 
the shoulder areas. In this embodiment, the essential 
effect provided by the second ply structure is to addi 
tionally stiffen the shoulder areas of tread 32 and, in 
addition, to offer substantially the same advantages as 
described with respect to the embodiments of FIGS. 3 
and 4. In the embodiment of FIG. 5 the distance be 
tween the marginal edges 37, 39 of the two strips 35, 
36 is indicated by b, and the distance between the edges 
of the folded marginal portions 38, 40 by a. The dis 
tance between the folded marginal edges 42 of the two 
strips 35, 36 is designated as t. 

In the embodiment of FIG. 5 the distance b may as 
sume values between 0.4 and 0.65B, with a preferred 
value of 0.6B. The distance a may have a value between 
0.6 and 0.8B, with a preferred value of 0.7B. The dis 
tance t is the same as that given with respect to FIGS. 
3 and 4. It may be desirable to have narrow layers for 
the first ply structure, as shown, in the embodiment of 
FIG. 6. The width, S, S., which is the same for both 
layers 45, 46 of the first ply structure is sleected to have 
a range between 0.12 and 0.25B, with a preferred value 
of about 0.2B. In the embodiment of FIG. 6, the second 
ply structure 47, 48 is located between the two layers 
45 and 46 of the first ply structure. In a manner similar 
to the embodiment of FIG. 5, the second ply structure 
may comprise two strips 47 and 48, each of which have 
margins 47a, 47b, 48a 48b, to form folded marginal 
edges 47c, 48c. The relative value of the distances a 
and t are the same as that given with respect to FIGS. 
3 and 4. 

In the embodiment shown in FIG. 7, the tire 5 has 
a first ply structure 54 comprising two plies 54a and 
54b, of unequal width located transversely over the 
crown region of carcass 52. The second ply structure 
55 is located between the first ply structure and the 
tread 53. In a manner similar to the embodiments of 
FIGS. 3 and 4, the second ply structure 55 is formed by 
a single width strip of material with two marginal por 
tions 55a and 55b folded back upon the juxtaposed ad 
jacent layer portion 56, 57. In this embodiment, the 
marginal folded over portions are folded in opposite di 
rections, i.e., one above and one under the respective 
adjacent juxtaposed layer portions 56, 57. The arrange 
ment of folded over portions 55a, 55b therefore pro 
vides an assymetrically configured tire. The second ply 
structure has a large width t across the crown region of 
the carcass 52 and extends laterally on both sides be 
yond the marginal edges of the underlying first ply 
structure 54. It is known that the lateral-force behavior 
of a belted tire is influenced by the orientation of the 
reinforcing elements in the outermost ply of the belt 
ing. Therefore an assymetrical arrangement of the sec 
ond ply structure is a means of controlling the lateral 
force behavior of the tire. This behavior can be varied 
over a wide range by varying the widths of the folded 
back portions or the distance a between their marginal 
edges. In the extreme case the outer folded back por 

O 

15 

20 

25 

35 

40 

45 

50 

55 

60 

65 

6 
tion 55b can be extended to the folded marginal edge 
55c on the opposite side. Usually, however, the dis 
tance a has a value between 0 and 0.75B. The assymet 
ric configuration shown in F.G. 7 can be reversed such 
that the marginal portion 55b is folded under the adja 
cent juxtaposed layer 56 and the marginal portion 55a 
is folded above the adjacent juxtaposed layer 57. 
FIG. 8 and FIG.9, each of the first ply structures 60 

and 65 is formed by two plies 60a, 60b and 65a, 65b re 
spectively, of unequal width, and is placed directly over 
the crown region of the carcass (not shown). In both 
embodiments, the superimposed second ply structure 
61, 66 comprises two strips, but these strips are folded 
back only at one marginal edge. The embodiments of 
FIG. 8 and FIG. 9 are assymetrical and therefore can 
have the variable characteristics described with respect 
to FIG. 7. 

In the embodiment shown in FIG. 8, the radially 
inner strip 63 of the second ply structure 61 is folded 
back upon itself and over one edge 62c (that on the left 
in FIG. 8) of the strip 62, as indicated by 63a. On the 
other side, the outer textile strip 62 is folded back upon 
itself and under the free edge 63c of the inner textile 
strip 63, as indicated at 62a. The folder marginal por 
tions 62a and 63a form a folded marginal edge 62b and 
63b. 

In the embodiment shown in FIG. 9, on the other 
hand, the marginal edge 68a of the inner strip 68 is 
folded under the adjacent juxtaposed layer portion 68c 
on the left side of FIG. 9 and the marginal edge 67a of 
the outer strip. 67 is folded above the adjacent juxta 
posed layer portion 67c on the right side, as indicated 
by 68a and 67a, respectively. 
The first and second ply structures described with re 

spect to the embodiments of FIGS. 3 to 9 may be made 
in accordance with the structures described in any of 
the embodiments. For example, the non-metallic rein 
forcing elements for the second ply structure may be a 
natural or synthetic textile or glass. Further the angular 
orientation of the reinforcing elements of either or both 
the first and the second ply structures may be in accor 
dance with the description recited with respect to any 
embodiment. For example, the reinforcing elements of 
the first ply structure may be at 0 to the equatorial 
plane of the tire when the reinforcing elements of the 
second ply structure may be at an angle between 0 and 
25 to the equatorial plane. Further the aforesaid an 
gles recited for the reinforcing elements of the first or 
the second ply structures may be reversed. Similarly 
the ply structure having a zero degree angle to the 
equatorial plane may be applied in the manner previ 
ously described. 
The width of the folded marginal portion can be var 

ied to satisfy particular design requirements of tire ma 
terials, load factors, tire size, etc. The width of the 
folded marginal portion, is however, not greater than or 
may be equal to the width of the adjacent juxtaposed 
layer portion. Thus a wide folding back upon itself of 
the marginal edges of the second ply structure would be 
desirable for tires subjected to high load factors. A nar 
rower folding back upon itself of the marginal edges of 
the second ply structure may be desirable for tires sub 
jected to lower or moderate loads. In the extreme ar 
rangement, as noted with respect to FIGS. 8 or 9, the 
folded marginal portion may extend across the entire 
width of the adjacent juxtaposed layer and to the oppo 
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site folded marginal edge. This extreme arrangementis 
also applicable to the embodiments of FIGS. 3 to 7. 
As disclosed with respect to the embodiments of 

FIGS. 3, 4, 5, 7, 8 and 9, the second ply structure may 
be located superimposed over the first ply structure. As 
disclosed with respect to the embodiment of FIG. 6, the 
second ply structure may be located between the layers 
of the first ply structure. Alternatively the second ply 
structure may be located under the first ply structure 
in any of the embodiments. Preferably, however, the 
second ply structure is located superimposed over the 
first ply structure. This location has the particular ad 
vantage when using a textile material having defined 
shrinkage properties, for the reinforcing elements. Vul 
canization of the tire will shrink the textile reinforcing 
elements and thereby pre-stress the first ply structure 
and the carcass. Such pre-stressing aids in countering 
the distorting and failure forces that act upon the tire 
during high speed driving or during other high load fac 
torS. 

If particularly stiff resistance is desired the second ply 
structure can be located between the layers of the first 
ply structure. A variable degree of stiffness is achieved 
when the second ply structure is located under the first 
ply structure. The degree of stiffness varies from the 
relatively yielding carcass to the somewhat stiffer sec 
ond ply structure to the higher stiffness provided by the 
metallic reinforcing elements of the first ply structure. 
In this manner, the riding comfort of the tire can be se 
lected and adjusted. 
The preferred material for the reinforcing elements 

of the first ply structure is a metal, for example, steel. 
The preferred material for the reinforcing elements of 
the second ply structure is a non-metal, in particular, 
a textile. There is a particular manufacturing advantage 
of this preferred combination of materials. This combi 
nation makes it unnecessary to fold a layer having me 
tallic reinforcing elements. Instead the relatively yield 
ing textile reinforced layer is folded back upon itself. 
The folding back upon itself of the second ply struc 

ture assists in preventing separation of the layers of the 
belt in the shoulder area at high speeds. In addition, the 
folding back suppresses the tendency of the shoulder 
areas to rise higher than the crown region of the tread 
and the formation of undulation, waves, distortions and 
the like along the sidewalls and the periphery of the 
tire. 
Further, the breaker according to the present inven 

tion, permits the tire to be lighter in weight and there 
fore provide a more comfortable riding tire. The reduc 
tion in weight is due to the use of a textile instead of 
only metal reinforcing breaker elements. In addition 
the density of the reinforcing elements of the plural 
metal ply-layers can be reduced because the textile ply 
layer provides additional tread reinforcement. 

It will be understood that the foregoing disclosure of 
preferred embodiments of the present invention is for 
purposes of illustration only, and that the various struc 
tural and operational features disclosed may be modi 
fied and changed in a number of ways none of which 
involves any departure from the spirit and scope of the 
invention as defined in the hereto appended claims. 
Having thus described the invention, what is claimed 

and desired to be protected by Letters Patent is: 
1. A pneumatic tire having a carcass, a tread Sur 
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8 
rounding the crown region of the carcass, and a tread 
reinforcing breaker disposed circumferentially about 
the crown region of the carcass between the carcass 
and the tread, the breaker comprising a first ply struc 
ture having elongated metallic reinforcing elements 
and a second ply structure arranged in its entirety in Su 
perimposed concentric relationship to the entire first 
ply structure, and transversely continuous across the 
crown region, the second ply structure comprising at 
least one layer of elongated non-metallic reinforcing 
elements folded back upon itself, the folded over por 
tion having a width not greater than the width of the ad 
jacent juxtaposed layer of non-metallic reinforcing ele 
ments, and extending beyond a marginal edge of the 
first ply structure, the entire second ply structure being 
located between the tread and the first ply structure, 
and wherein at least one folded over portion lies above 
the adjacent juxtaposed layer of the second ply struc 
ture and in direct contact therewith. 
2. A pneumatic tire according to claim 1 wherein the 

folded back layer forms a folded marginal edge which 
extends into a shoulder area of the tire. 
3. A pneumatic tire according to claim 1 wherein the 

first ply structure comprises a plurality of layers dis 
posed symmetrically to the equatorial plane of the tire. 

4. A penumatic tire according to claim 3 wherein the 
width of the layers of the first ply structure are unequal. 

5. A pneumatic tire according to claim 1 wherein at 
least one folded over portion lies under the adjacent 
juxtaposed layer of the second ply structure and in di 
rect contact therewith. 
6. A pneumatic tire according to claim 1 wherein the 

folded over portions extending beyond each marginal 
edge of the first ply structure lie above the adjacent jux 
taposed layer of the second ply structure. 

7. A pneumatic tire according to claim 1 wherein one 
folded over portion lies above the respective adjacent 
juxtaposed layer of the second ply structure and the 
other folded over portion lies under the respective jux 
taposed layer of the second ply structure. 

8. A pneumatic tire according to claim 1 wherein the 
width of the folded over portion is less than the width 
of the adjacent juxtaposed layer. 

9. A pneumatic tire according to claim 1 wherein the 
reinforcing elements of the second ply structure are 
textile. 

10. A pneumatic tire according to claim 1 wherein 
the elongated metallic reinforcing elements of the first 
ply structure are oriented at an angle of zero degress to 
the equatorial plane of the tire. 

11. A pneumatic tire according to claim 1 wherein 
the elongated non-metallic reinforcing elements of the 
second ply structure are oriented at an angle of zero de 
grees to the equatorial plane of the tire. 

12. A pneumatic tire according to claim 10 wherein 
the elongated non-metallic reinforcing elements of the 
second ply structure are oriented at an angle between 
0 and 25 to the equatorial plane of the tire. 

13. A pneumatic tire according to claim 11, wherein 
the elongated metallic reinforcing elements of the first 
ply structure are oriented at an angle between 0 and 
25 to the equatorial plane of the tire. 
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